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1
METHOD FOR PRODUCING RETARDATION
FILM

This Nonprovisional application claims priority under 35
U.S.C. §119(e) on U.S. Provisional Application No. 61/080,
963 filed on Jul. 15, 2008 and under 35 U.S.C. §119(a) on
Patent Application No. 2008-033781 filed in Japan on Feb.
14,2008, the entire contents of which are hereby incorporated
by reference.

TECHNICAL FIELD

The present invention relates to a method for producing a
retardation film. More particularly, the present invention
relates to a method for producing a retardation film suitable
for birefringence compensation of a liquid crystal display
device.

BACKGROUND OF THE ART

In aliquid crystal display device, to improve contrast of the
display and to match color tone, it is required that the retar-
dation film used in the liquid crystal display device fulfills the
function enough for all incident light of a visible light range.
That is, it is required that retardation of light having a short
wavelength is small and retardation of light having a long
wavelength is big. More specifically, it is required that a
relation of R ,5,<R550<Rgs, 18 satisfied, in which R ;5 1s retar-
dation of light having a wavelength of 450 nm at an incident
angle of 0 degrees, R is retardation of light having a wave-
length of 550 nm at an incident angle of 0 degrees, and Ry,
is retardation of light having a wavelength of 650 nm at an
incident angle of O degrees.

In Patent Document 1, a retardation film which is manu-
factured by laminating a stretched film which is large in phase
difference and small in Abbe number on a stretched film
which is small in phase difference and large in Abbe number
so that optical awes cross at almost right angles is disclosed as
a film that satisfies a relation of R ,5,<R55,<Rgso.

Patent Document 2 discloses a retardation film which is
manufactured by sticking a stretched film of which a ratio of
retardation at a wavelength of 450 nm and retardation at a
wavelength of 550 nm is 1.00 to 1.05 and a stretched film of
which a ratio of retardation at a wavelength of 450 nm and
retardation at a wavelength of 550 nm is 1.05 to 1.20. In these
methods described in the Patent Document 1 or the Patent
Document 2, an accurate axis match is required when films
are stuck together.

Patent Document 3 and Patent Document 4 discloses a
retardation film obtained by uniaxially stretching a laminated
body composed of a layer of a resin having a positive intrinsic
birefringence and a layer of a resin having a negative intrinsic
birefringence, in which a direction of a molecular orientation
of the layer of the resin having a positive intrinsic birefrin-
gence and a direction of a molecular orientation of the layer of
the resin having a negative intrinsic birefringence are parallel.

Moreover, a retardation film which satisfies a relation of
0.92=<R,/Re<1.08, in which Re is a retardation value at an
incident angle of O degrees, and R, is aretardation value atan
incident angle of 40 degrees; and a retardation film which
satisfies a relation of n,>n>n,, in which n, is a refractive
index in a direction of a slow axis in a plane of the film, n,, is
a refractive index in a direction perpendicular to the direction
of the slow axis in the plane, and n_ is a refractive index in a
thickness direction are suggested to decrease dependence of
color tone on an angle in a liquid crystal display device.
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Patent Document 5 discloses that a first anisotropic film is
obtained by uniaxially stretching a polycarbonate resin film;
on the other hand, a second anisotropic film is obtained by
uniaxially stretching a polystyrene resin film, and then the
first anisotropic film and the second anisotropic film are over-
lapped so that the directions of stretching of the films are at a
right angle to each other to obtain a retardation film which
satisfies relation of n,>n,>n,.

In addition, Patent Document 6 discloses that a first aniso-
tropic film is obtained by uniaxially stretching a polycarbon-
ate resin film; on the other hand, a second anisotropic film is
obtained by uniaxially stretching a polystyrene resin film, and
then the first anisotropic film and the second anisotropic film
are overlapped so that the directions of stretching of the films
are at a right angle to each other to obtain a retardation film
which satisfies a relation of (Re-Re,,)/Re<0.07. In these
producing methods described in Patent Document 5 or Patent
Document 6, an accurate axis match is required when films
are stuck together.

Patent Document 7 discloses that a laminated body is
formed by bonding a shrinkable film to one side or both sides
of a resin film before the resin film is stretched, and then the
laminated body is stretched and heated to apply contractive
force to the laminated body in a direction orthogonal to the
direction of stretching of the above-mentioned resin film to
obtain a retardation film which satisfies a relation of 0<(n,—
n,)/(n-n,)<l.

In the producing method described in Patent Document 7,
the contractive force should be controlled accurately.

Patent Document 8 discloses that a rod is obtained by
extrusion of a melted polycarbonate resin, then a disc is
obtained by slicing up the rod in round, a rectangular plate is
obtained by cutting the disc, and then the rectangular plate is
uniaxially stretched to obtain a retardation film which satis-
fies a relation of 0.92<Re,,/Re<1.08. However, it is difficult
to manufacture the retardation film having a large area by the
method described in the Patent Document 8.

PRIOR ART DOCUMENTS

[Patent Document 1] Japanese Patent Application Laid-Open
No. Heisei 2 (1990)-285304

[Patent Document 2] Japanese Patent Application Laid-Open
No. Heisei 5 (1993)-27119

[Patent Document 3] Japanese Patent Application Laid-Open
No. 2002-40258

[Patent Document 4] Japanese Patent Application Laid-Open
No. 2002-156525

[Patent Document 5] Japanese Patent Application Laid-Open
No. Heisei 3 (1991)-24502

[Patent Document 6] Japanese Patent Application Laid-Open
No. Heisei 3 (1991)-141303

[Patent Document 7] Japanese Patent Application Laid-Open
No. Heisei 5 (1993)-157911

[Patent Document 8] Japanese Patent Application Laid-Open
No. Heisei 2 (1990)-160204

SUMMARY OF THE INVENTION
Problems to be Resolved by the Invention

An object of the present invention is to provide a method
for producing a retardation film comprising a laminate of a
plurality of layers so that the molecular orientation axes of the
layers cross each other at right angles, with good productivity,
and without needing the step of sticking together to match the
axis.
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In addition, an object of the present invention is to provide
a simple and high-accuracy method for producing a retarda-
tion film having a large area which satisfies a relation of
R,50<R550<Rg50, in which R 5, is a retardation value of light
having a wavelength of 450 nm at an incident angle of 0
degrees, Ry, is a retardation value of light having a wave-
length of 550 nm at an incident angle of 0 degrees, and R,
is a retardation value of light having a wavelength of 650 mm
at an incident angle of 0 degrees, or a retardation film having
a large area which satisfies a relation of 0<(n,—n,)/(n,—n,)<I,
in whichn_ is a refractive index in a direction of a slow axis in
a plane of the film, n, is a refractive index in a direction
perpendicular to the direction of the slow axis in the plane,
and n, is a refractive index in a thickness direction.

Means for Solving the Problems

As the result of studies by the present inventors to achieve
the above-mentioned object, it was found that a laminated
film comprising a layer of thermoplastic resin A and a layer of
thermoplastic resin B is obtained by coextrusion or simulta-
neously casting the thermoplastic resin A and the thermoplas-
tic resin B; a molecular orientation axis in the layer of the
thermoplastic resin A and a molecular orientation axis in the
layer of the thermoplastic resin B were crossed each other at
almost right angles by uniaxially stretching the laminated
film at least twice; and then a retardation film which satisfies
a relation of R,5,<R55,<Rgs, or a retardation film which
satisfies a relation of 0<(n,-n,)/(n,-n,)<1 can be manufac-
tured simply, extensively and accurately. The inventors
advanced study further on the basis of these findings, then the
present invention has been completed.

That is, the present invention includes the following
modes.

(1) A method for producing a retardation film comprising
steps of:

co-extruding or simultaneously casting thermoplastic resin
A and thermoplastic resin B to obtain a laminated film com-
prising a layer of the thermoplastic resin A and a layer of the
thermoplastic resin B, and

uniaxially stretching the laminated film at least twice to
cross a molecular orientation axis in the layer of the thermo-
plastic resin A and a molecular orientation axis in the layer of
the thermoplastic resin B each other at almost right angles.
(2) The method for producing a retardation film according to
the above (1), in which an absolute value of difference
between a deflection temperature under load Ts , of the ther-
moplastic resin A and a deflection temperature under load Ts
of the thermoplastic resin B is 5° C. or more.

(3) The method for producing a retardation film according to
the above (1) or (2), in which both a rupture elongation of the
thermoplastic resin A at the temperature Tsz and a rupture
elongation of the thermoplastic resin B at the temperature Ts ,
are 50% or more.

(4) The method for producing a retardation film according to
any one of the above (1) to (3), in which the thermoplastic
resin A has a positive or negative intrinsic birefringence and
the thermoplastic resin B has an intrinsic birefringence of
same sign as a sign of the thermoplastic resin A.

(5) The method for producing a retardation film according to
the above (4), in which the retardation film satisfies a relation
of R, 50<Rs550<Rgso in which R, is a retardation value of
light having a wavelength of 450 nm at an incident angle of 0
degrees, Ry, is a retardation value of light having a wave-
length of 550 nm at an incident angle of 0 degrees, and Ry,
is a retardation value of light having a wavelength of 650 nm
at an incident angle of 0 degrees.
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(6) The method for producing a retardation film according to
any one of the above (1) to (3), in which the thermoplastic
resin A has either a positive or negative intrinsic birefringence
and the thermoplastic resin B has an intrinsic birefringence of
a different sign from a sign of the thermoplastic resin A.

(7) The method for producing a retardation film according the
above (6), in which the retardation film satisfies a relation of
0<(n,-n,)/(n,~n,)<1, in which n_ is a refractive index in a
direction of a slow axis in a plane of the film, n,, is a refractive
index in a direction perpendicular to the direction of the slow
axis in the plane, and n, is a refractive index in a thickness
direction.

(8) The method for producing a retardation film according to
any one of the above (1) to (7), in which the stretching tem-
perature in uniaxially stretching is different at each time.

(9) A retardation film which is obtained by the producing
method according to any one of the above (1) to (8).

Advantages of the Invention

According to the method for producing a retardation film in
the present invention, the retardation film which satisfies a
relation of R ,5,<Rs50<Rgs0, in which R, 5, is a retardation
value of light having a wavelength of 450 nm at an incident
angle of 0 degrees, Ry is a retardation value of light having
a wavelength of 550 nm at an incident angle 0 of degrees, and
Rgso 1s a retardation value of light having a wavelength of 650
nm at an incident angle of 0 degrees; or the retardation film
which satisfies a relation of 0<(n-n,)/(n,-n,)/1, in which n,
is a refractive index in a direction of a slow axis in a plane of
the film, n, is a refractive index in a direction perpendicular to
the direction ofthe slow axis in the plane, and n_ is arefractive
index in a thickness direction can be manufactured simply,
extensively and accurately.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a temperature dependence of retardations of
layer A, layer B, and a laminate of layer A and layer B.

BEST MODE FOR CARRYING OUT THE
INVENTION

The method for producing a retardation film in the present
invention comprises a step of coextruding or simultaneously
casting thermoplastic resin A and thermoplastic resin B to
obtain a laminated film comprising a layer of the thermoplas-
tic resin A and a layer of the thermoplastic resin B, and a step
of uniaxially stretching the laminated film at least twice to
cross a molecular orientation axis in the layer of the thermo-
plastic resin A and a molecular orientation axis in the layer of
the thermoplastic resin B each other at almost right angles.

The “almost right angles” means that an angle of a direc-
tion of molecular orientation in the layer of the thermoplastic
resin A and a direction of molecular orientation in the layer of
the thermoplastic resin B is almost right angle. The angle is
preferably 70 degrees to 110 degrees, more preferably 80
degrees to 100 degrees, and particularly preferably 85
degrees to 95 degrees.

Thermoplastic resin and thermoplastic resin B used in the
present invention are thermoplastic resins having an positive
or negative intrinsic birefringence. In this specification, a
positive intrinsic birefringence means that a refractive index
in a stretching direction is larger than a refractive index in a
direction perpendicular to the stretching direction, and a
negative intrinsic birefringence means that a refractive index
in a stretching direction is smaller than a refractive index in a
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direction perpendicular to the stretching direction. The intrin-
sic birefringence may be calculated from the permittivity
distribution.

A thermoplastic resin having a positive intrinsic birefrin-
gence includes olefin resins such as polyethylene, polypro-
pylene, and the like; polyester resins such as polyethylene
terephthalates, polybutylene terephthalates, and the like; pol-
yarylene sulfide resins such as polyphenylene sulfides, and
the like; polyvinyl alcohol resins, polycarbonate resins, pol-
yarylate resins, cellulose ester resins, polyether sulfone res-
ins, polysulfone resins, polyallyl sulfone resins, polyvinyl
chloride resins, norbornene resins, rod-like liquid crystalline
polymers and the like. The resin may be used as single or in
combination of two or more. In the present invention, among
these resins, polycarbonate resins is preferable according to
the viewpoint of an appearance of a phase difference, a
stretching property at a low temperature, and an adhesive
quality with another layer.

A thermoplastic resin having a negative intrinsic birefrin-
gence includes polystyrene resins such as homopolymer of
styrene or styrene derivatives, copolymers thereof with other
monomer and so on; polyacrylonitrile resins, polymethyl
methacrylate resins, or multi-component copolymers thereof
and the like. The resin may be used as single or in combina-
tion of two or more. Preferable examples of other monomer
which is contained in the polystyrene resins include acryloni-
trile, maleic anhydride, methyl methacrylate, and the butadi-
ene. In the present invention, among these resins, polystyrene
resins is preferable in the viewpoint of an excellent appear-
ance of a phase difference, and moreover copolymer of sty-
rene or styrene derivatives and maleic anhydride is especially
preferable in the point of excellent thermal stability.

A deflection temperature under load T's of the above-men-
tioned thermoplastic resin is preferably 80° C. or more, more
preferably 110° C. or more, and particularly preferably 120°
C. or more. When the deflection temperature under load is
lower than the above-mentioned lower limit value, an orien-
tation easily relaxes.

An absolute value of a difference between a deflection
temperature under load Ts, of a thermoplastic resin A and a
deflection temperature under load Ts ; of a thermoplastic resin
B is preferably 5° C. or more, and more preferably 510 40° C.,
and especially preferably 8 to 20° C. When the difference of
the temperatures of deflection under load is too small, a
temperature dependence of an appearance of a phase differ-
ence decreases. When the difference of the temperatures of
deflection under load is too large, it becomes difficult to
stretch a thermoplastic resin having a high softening tempera-
ture, and the planarity of a retardation film is easy to decrease.

Both of a rupture elongation of a thermoplastic resin A at a
temperature T'sc and a rupture elongation of a thermoplastic
resin B at a temperature Ts , are preferably 50% or more, and
more preferably 80% or more.

A phase difference film may be stably prepared by stretch-
ing a thermoplastic resin having the rupture elongation in this
range.

The rupture elongation is measured by use of a test piece
type 1B described in Japanese Industrial Standard K7127 at a
drawing speed of 100 mm/minute.

Compounding agents may be added to thermoplastic resin
A and/or thermoplastic resin B, if a total light transmittance in
1 mm thickness may be maintained to 80% or more. The
compounding agent is not especially limited. Examples of the
compounding agent include lubricants; lamellar crystal com-
pounds; inorganic particulates stabilizers such as antioxidant,
thermal stabilizers, optical stabilizers, weathering stabilizers,
ultraviolet absorbers, near-infrared radiation absorbents, and
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the like; plasticizer; colorant such as dyes and pigments;
antistatic agent; and the like. The amount of the compounding
agent may be properly decided within a range where the
object of the present invention is not ruined. In particular,
lubricant or ultraviolet absorber is preferably added to
improve a flexibility and a weather resistance.

Examples of the lubricant include inorganic particles such
as silica dioxide, titanium dioxide, magnesium oxide, cal-
cium carbonate, magnesium carbonate, barium sulphate,
strontium sulphate and the like; organic particles such as
polymethyl acrylate, polymethyl methacrylate, polyacryloni-
trile, polystyrene, cellulose acetates, cellulose acetate propi-
onates, and the like. In the present invention, the organic
particle is preferable as the lubricant.

Examples of the ultraviolet absorber include oxyben-
zophenone compounds, benzotriazol compounds, salicylate
compounds, benzophenone ultraviolet absorbents, benzotria-
zol ultraviolet absorbers, acrylonitrile ultraviolet absorbers,
triazine compounds, nickel complex salt compounds, inor-
ganic fine particle, and the like. Examples of a suitable ultra-
violet absorber include 2,2'-Methylene-bis(4-(1,1,3,3-tet-
ramethylbutyl)-6-(2H-benzotriazol-2-yl)phenol), 2-(2'-
hydroxy-3'-tert-butyl-5-methylphenyl)-5-chloro
benzotriazol, 2,4-Di-tert-butyl-6-(5-chloro benzotriazol-2-
yDphenol,  2,2'-dihydroxy-4,4'-dimethoxybenzophenone,
and 2,2'.4,4'-tetrahydroxy benzophenone. And examples of
the especially suitable one include 2,2'-Methylenebis(4-(1,1,
3,3-tetramethylbutyl)-6-(2H-benzotriazol-2-yl)phenol.

(Laminated Film)

A laminated film comprises a layer of thermoplastic resin
A (layer A) and a layer of thermoplastic resin B (layer B). The
laminated film may be obtained by coextruding or simulta-
neously casting of thermoplastic resin A and thermoplastic
resin B.

A coextrusion molding method is preferable from the
viewpoint of producing efficiency and preventing from
remaining volatile contents such as solvents in the film. A
coextrusion T-die method is preferable in the extrusion mold-
ing method. There are a feed block method and a multi mani-
fold method as the coextrusion T-die method, and the multi
manifold method is especially preferable from the viewpoint
of decreasing a dispersion of the thickness of layer A.

When the coextrusion T-die method is adopted as a method
of obtaining the laminated film, a temperature of melted resin
material in an extruding machine equipped with T-die is pref-
erably a temperature that is higher than a glass transition
temperature (Tg) of thermoplastic resin used as each resin
material by 80 to 180° C., and more preferably a temperature
that is higher than the glass transition temperature by 100 to
150° C. When the temperature of melted resin material in the
extruding machine is excessive low, a liquidity of the resin
material might be insufficient, oppositely when the tempera-
ture of melted resin material is excessive high, the resin might
be deteriorated.

The temperature of extrusion may be properly selected
according to the thermoplastic resin used. A temperature of a
resin slot is preferably Tg to (Tg+100)° C., a temperature of
an exit of the extruding machine is preferably (Tg+50)° C. to
(Tg+170)° C., and a temperature of a die is preferably (Tg+
50)° C. to (Tg+170)° C., in which these temperatures are
measured in the extruding machine. Here, Tg means a glass
transition temperature of a thermoplastic resin A used as a
resin material.

In the extrusion molding method, a sheeted melted resin
material extruded from an opening of the die is pinned on a
cooling drum. A method of pinning a melted resin material on
the cooling drum is not especially limited, and examples of
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the method include an air knife method, a vacuum box
method, a electrostatic pinning method, and the like.

The number of cooling drums is usually two or more,
though the number is not particularly limited. Moreover,
examples of a method of arranging the cooling drums include
a straight line type, a Z type, and a L. type, though the method
is not particularly limited. Moreover, the method of passing
the melted resin extruded from the opening of the die between
the cooling drums is not particularly limited.

In the present invention, the adhesion to the cooling drum
of the extruded sheeted resin material changes depending on
the temperature of the cooling drum. The adhesion improves
when a temperature of the cooling drum is raised. However,
trouble that the sheeted resin material coils around the drum
without peeling off from the cooling drum might occur when
the temperature of the cooling drum is raised too much.
Therefore, the temperature of the cooling drum is preferably
no more than (Tg+30)° C., and more preferably (Tg-5)° C. to
(Tg-45)° C., in which Tg is a glass transition temperature of
athermoplastic resin A that extruded from the die. The trouble
suck as slipping and the wound may be prevented by doing so.

Moreover, it is preferable to reduce a content of a residual
solvent in the film. Examples of the method for reducing the
content include (1) a method of reducing residual solvent of
thermoplastic resin as raw material; (2) a method of prelimi-
nary drying resin material before film is 5 molded; and the
like. The preliminary drying is done by using a hot air dryer
and the like for example after the resin material is molded in
the form such as pellets and the like. The dry temperature is
preferable 100° C. or more, and the dry Lime is preferable two
hours or more. By the preliminary drying, the residual solvent
in the film may be decreased, and the extruded sheeted resin
material may be prevented from foaming.

The total thickness of a laminated film for producing retar-
dation film is preferably 10 to 500 um, and more preferably 20
to 200 um, and especially preferably 30 to 150 um. When the
above-mentioned total thickness is thinner than 10 um, it
becomes difficult to obtain an enough phase difference, and
mechanical strength of the film weakens. When the above-
mentioned total thickness is thicker than 500 pum, flexibility
deteriorates and it becomes difficult to handle the film.

The thickness of layer A and layer B is determined by the
steps of: measuring the total thickness of the film by using a
contacting thickness gauge in the marketplace; cutting a part
where thickness is measured; observing the cutting surface
with a photon microscope to measure a ratio of a thickness of
an each layers; and calculating the thickness of layer A and
layer B from the ratio. The above-mentioned operations were
done in the direction of MD and the direction of TD of the film
at constant intervals, and a mean value of the thickness and
the data spread of the thickness were decided.

Here, the data spread of thickness is calculated by the
following expressions:

A data spread of a thickness(um)=Large one of 7, .~

ave
Trnin OF T Ty
in which T,,,,,, represents the maximum value in measured

thickness T, T,,,,, represents the minimum value in measured
thickness T, and T, represents an arithmetic mean value of
thickness T measured by the above-mentioned measure-
ments.

When the data spread of the thickness of layer A and layer
B is 1 um or less in the entire plane, the variability of a color
tone becomes small. Moreover, a change of the color tone
after long-term use becomes uniform.

The following steps are performed to adjust the data spread
of the thickness of layer A and layer B to 1 um or less in the
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entire plane: (1) a polymer filter having mesh spacing of 20
um Or less is attached in an extruding machine; (2) a gear
pump is rotated by 5 rpm or more; (3) an enclosure means is
attached to surroundings of a die; (4) an airgap is set to 200
mm or less; (5) an edge pinning is performed when a film is
casted to a cooling roll, and (6) a two axis extruding machine
or a single axis extruding machine which has a double flight
type screw is used as the extruding machine.

The laminated film for producing the retardation film may
have layers other than layer A and layer B. Examples of the
layer include a bonding layer to bond layer A and layer B, a
mat layer to improve slipperiness of the film, a hard coat layer
such as an impact-resistant polymethacrylate resin layer and
the like, an antireflection layer, an antifouling layer, and the
like.

The laminated film for producing the retardation film is
preferably 85% or more in a total light transmittance. When
the total light transmittance is less than 85%, the film
becomes unsuitable to an optical material. The above-men-
tioned light transmittance is measured by using a spectropho-
tometer (manufactured by JASCO Corporation; Ultraviolet
Visible Near-infrared Spectrophotometer “V-570") in accor-
dance with Japanese Industrial Standard K 0115.

A haze of the laminated film for producing the retardation
film is preferably 5% or less, more preferably 3% or less, and
especially preferably 1% or less. When the haze is high, a
sharpness of a display image tends to decrease. Here, the haze
is a mean value of turbidities measured at five places by using
“Turbidimeter NDH-300A” (manufactured by Nippon Den-
shoku Industries Co., [.td.) in accordance with Japanese
Industrial Standard K 7361-1997.

The laminated film for producing the retardation film is
preferably 5 or less, and more preferably 3 or less in AYI.
When the AYT is in the above-mentioned range, a visibility
improves since there is not coloring. AYI is measured by
using “Spectrophotometer SE2000” (manufactured by the
Nippon Denshoku Industries Co., [.td.) in accordance with
ASTM E313. The Similar measurement is done five times,
and the AYI is obtained as an arithmetic mean value of the
measurements.

The laminated film for producing the retardation film is
preferably H or harder in the JIS pencil hardness. This JIS
pencil hardness may be adjusted by changing akind of aresin,
changing the thickness of the resin layer, and the like. A
surface of a film is scratched with a pencil having various
hardness inclined to 45 degrees and pushed on by a load
weight of 500 gram-weight, in accordance with JIS K 5600-
5-4, sequentially from the pencil having low hardness, and the
JIS pencil hardness means a hardness of the first pencil by
which the scar is applied to the film.

A surface of an outside of the laminated film for producing
the retardation film is preferably smooth and has preferably
substantially neither a linear concave portion nor a linear
convex portion (so-called die line) that is parallel in the direc-
tion of MD and is irregularly formed. Here, “be smooth and
have substantially neither a linear concave portion nor a linear
convex that is irregularly formed” means that a depth of the
linear concave portion is less than 50 nm or a width of the
linear concave portion is bigger than 500 nm and a height of
the linear convex portion is less than 50 nm, and a width of the
linear convex portion is bigger than 500 nm, even if the linear
concave portion or the linear convex portion is formed. Pref-
erably, the depth of the linear concave portion is less than 30
nm or the width of the linear concave portion is bigger than
700 nm and the height of the linear convex portion is less than
30 nm and the width of the linear convex portion is bigger than
700 nm. This formation may prevent a light interference, an
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optical leakage and the like caused by the refraction of light at
the linear concave portion and the linear convex portion,
which may result in improving an optical performance. “be
irregularly formed” means that the linear concave portion and
the linear convex portion are formed at the unintended posi-
tion, with the unintended size, the unintended shape, and the
like.

The above-mentioned depth of the linear concave portion,
the height of the linear convex portion, and the width of those
may be measured by the method of the description as follows.
Light is irradiated to the film for producing the retardation
film, transmitted light is projected onto a screen, then a part
where stripes of light and shade exist that appears on the
screen (in this part, the depth of a linear concave portion and
the height of a linear convex portion are big) is cut out in
square of 30 mmx30 mm. A surface of the film section cut out
is observed by using a three-dimensional surface structure
analyzing microscope (view area of 5 mmx7 mm), this obser-
vation result is converted into a three dimension image, and
then a cross-section profile is obtained from the three dimen-
sional image. The cross-section profile is obtained at intervals
of 1 mm in the view area.

An average line is drawn at this cross-section profile, then
length from this average line to the bottom of a linear concave
portion is taken as a depth of linear concave portion, moreover
length from this average line to a top of the linear convex
portion is taken as a height of a linear convex portion. The
distance between intersections of the average line and the
profile is taken as width. Each of the maximum value is
obtained from measurements of depth of the linear concave
portion and height of the linear convex portion. And each of
the width of the linear concave portion or the linear convex
portion that indicates the maximum value is obtained. The
maximum value of the depth of the above-mentioned linear
concave portion is taken as a depth of the linear concave
portion of the film, and the maximum value of the height of
the above-mentioned linear convex portion is taken as a
height of the linear convex portion of the film, and the width
of'a linear concave portion that indicates the maximum value
is taken as the width of a linear concave portion of the film,
and the width of a linear convex portion that indicates the
maximum value is taken as the width of a linear convex
portion of the film.

A step of pre-heating the laminated film (preheating pro-
cess) may be performed before the laminated film is
stretched. Examples of a means for heating the laminated film
include an oven type heating device, a radiation heating
device, soaking the film in the liquid, and the like. The oven
type heating device is especially preferable. A heating tem-
perature in the preheating process is usually (the stretching
temperature-40)° C. to (the stretching temperature+20)° C.,
and preferably (the stretching temperature-30)° C. to (the
stretching temperature+15)° C. The stretching temperature
means the preset temperature of the heating unit.

In a method for producing a retardation film (1) which
satisfies a relation of R ,5,<Rs50<Rgs, in the present inven-
tion, in which R,5, is a retardation value of light having a
wavelength of 450 nm at an incident angle of O degrees, Ry,
is a retardation value of light having a wavelength of 550 nm
at an incident angle or 0 degrees, and R, is a retardation
value of light having a wavelength of 650 nm at an incident
angle of 0 degrees; it is preferable to see a resin having a
positive or negative intrinsic birefringence as the thermoplas-
tic resin A, and to use a resin having an intrinsic birefringence
of'same sign as a sign of thermoplastic resin A as thermoplas-
tic resin B. Each of a layer composed of the thermoplastic
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resin A and a layer composed of the thermoplastic resin B
may have one layer or no less than two layers.

In the method for manufacture of the retardation film {1},
one of the thermoplastic resin A and the thermoplastic resin B
is preferably 40 or more in Abbe number, and the another is
preferably 30 or less in Abbe number. Here, Abbe number is
a level of easiness to appear a difference of the refractive
index (variance) by the difference of the wavelength of light,
and it is shown by the following expression.

vp=(np-1)(nr—nc)

in which v, is Abbe number, n., n,,, and n are refractive
indexes at C-ray (wavelength of 656 nm), D-ray (wave length
of 589 nm) and F-ray (wavelength of 486 nm).

The laminated film for producing the retardation film {1}
preferably has a characteristic that a phase of linearly polar-
ized light entering vertically into the film plane and having an
oscillating surface of all electric vector in an X-Z plane
against a phase of linearly polarized light entering vertically
into the film plane and having an oscillating surface of an
electric vector in a Y-Z plane either lags or leads by uniaxially
stretching in the direction of the X axis et any of stretching
temperatures T1 and T2, in which the X axis is an uniaxially
stretching direction, the Y axis is a direction perpendicular to
the uniaxially stretching direction in the film plane, and the Z
axis is a direction of a thickness of the film.

The thickness of both resin layers of the laminated film for
producing the retardation film {1} are preferably adjusted so
as to be an absolute value of a phase difference which appears
in a resin having a high deflection temperature under load
smaller than the absolute value of the phase difference which
appears in a resin having a low deflection temperature under
load by stretching alt low temperature T,, and so as to be an
absolute value of a phase difference which appears in the resin
having the low deflection temperature under load smaller than
an absolute value of a phase difference which appears in the
resin having the high deflection temperature under load by
stretching at high temperature T,. The laminated film for
producing the retardation film {1} is a film of which the resin
layer that the larger phase difference appears depends on the
stretching temperature. Here, a temperature T1 is a tempera-
ture either T, or T;, and a temperature T2 is a temperature
either T, or T, different from T1.

In a method for producing a retardation film {2} in the
present invention, in which the retardation film satisfies a
relation of 0<(n,-n,)/(n,—n,)<1, n, is a refractive index in a
direction of a slow axis in a plane of the film, n, is a refractive
index in a direction perpendicular to the direction of the slow
axis in the planer and n, is a refractive index in a thickness
direction, it is preferable to use a thermoplastic resin having a
positive or negative intrinsic birefringence as thermoplastic
resin A, and it is preferable to use a thermoplastic resin having
a intrinsic birefringence of a different sign from a sign of the
intrinsic birefringence of the thermoplastic resin A as ther-
moplastic resin B. Each of a layer of the thermoplastic resin A
and a layer of the thermoplastic resin B may have one layer or
more than two layers.

The laminated film for producing the retardation film {2}
preferably has a characteristic that a phase of linearly polar-
ized light entering vertically into the film plane and having an
oscillating surface of an electric vector in an X-Z plane
against a phase of linearly polarized light entering vertically
into the film plane and having an oscillating surface of an
electric vector in a Y-Z plane lags by uniaxially stretching in
the direction of the X axis at temperature T1, and leads by
uniaxially stretching in the direction of the X axis at tempera-
ture T2 different from temperature T1, in which the X axis is
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an uniaxially stretching direction, the Y axis is a direction
perpendicular to the uniaxially stretching direction in the film
plane, and the Z axis is a direction of a thickness of the film.

In a film having a characteristic that a slow axis appears in
the X axis by uniaxially stretching, a phase of linearly polar-
ized light having an oscillating surface of an electric vector in
an X-Z plane lags against a phase of linearly polarized light
having an oscillating surface of an electric vector in a Y-Z
plane. Oppositely, in a film having a characteristic that a fast
axis appears in the X axis by the uniaxially stretching, a phase
of linearly polarized light having an oscillating surface of an
electric vector in an X-Z plane leads against a phase of lin-
early polarized light having an oscillating surface of an elec-
tric vector in a Y-Z plane. The laminated film for producing
the retardation film {2} is a film which has a dependence of
the direction where the slow axis or the fast axis appears on a
stretching temperature.

A phase difference is a value obtained by multiplying a
thickness d by a difference (=n,-n,) between a refractive
index n_ina direction of an X axis that is a stretching direction
and a refractive index n, in a direction of a Y axis perpendicu-
lar to the stretching direction. A phase difference of a lami-
nated body of layer A and layer B is the sum of a phase
difference of layer A and a phase difference of layer B. In
order that an sign of a phase difference of the laminated body
composed of layer A and layer B may reverse by stretching at
a high temperature T, and a low temperature T, , it is prefer-
able to adjust the thickness of both resin layers as to be an
absolute value of a phase difference which appears in a resin
having a high deflection temperature under load smaller than
an absolute value of the phase difference which appears in a
resin having a low deflection temperature under load by
stretching at low temperature T, and so as to be an absolute
value of a phase difference which appears in the resin having
the low deflection temperature under load smaller than an
absolute value of the phase difference which appears in the
resin having the high deflection temperature under load by
stretching at high temperature T,,. In this way, a film which
has a characteristic that a phase of which linearly polarized
light entering vertically into a film plane and having an oscil-
lating surface of an electric vector in an X-Z plane against a
phase of linearly polarized light entering vertically into the
film plane and having an oscillating surface of an electric
vector in a Y-Z plane lags by uniaxially stretching in a direc-
tion of the X axis at a temperature T1, and leads by uniaxially
stretching in the direction of the X axis at a temperature T2
different from the above-mentioned temperature T1 can be
obtained by adjustments of a difference between refractive
index n, in a direction of the X axis and refractive index n, in
a direction of the Y axis which appears in each of layer A and
layer B by uniaxially stretching, the sum total thickness of
layer(s) A, and the sum total thickness of layer(s) B. Here, a
temperature T1 is a temperature either T,, or T,, and a tem-
perature T2 is a temperature either T, or T, different from T1.

FIG. 1 shows a temperature dependence of phase difter-
ence of layer A in the laminated film for producing the retar-
dation film {2} (a layer of a thermoplastic resin A having a
high deflection temperature under load) when layer A is
stretched, a temperature dependence of phase difference of
layer B in the laminated film for producing the retardation
film {2} (a Layer of a thermoplastic resin B having a low
deflection temperature under load) when layer B is stretched,
and a temperature dependence of phase difference of the
laminated film for producing the retardation film {2} (layer
A+layer B) when the film is stretched. By stretching at the
temperature Tb, since a phase difference of a minus that
appears in the layer B is bigger than a phase difference of a
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plus that appears in the layer A, a phase difference of a minus
A appears in the layer A+layer B. On the other hand, by
stretching at the temperature Ta, since a phase difference of a
minus that appears in the layer B is smaller than a phase
difference of a plus that appears in the layer A, a phase
difference of a plus A appears in the layer A+layer B.

For example, when layer A is a polycarbonate resin, and
layer B is a styrene-maleic anhydride copolymer, aratio of the
sum total thickness of layer A and the sum total thickness of
layer B is preferably 1:5 to 1:15, and more preferably 1:5 to
1:10. If layer A becomes thick too much or layer B becomes
thick too much, a temperature dependence of a appearance of
a phase difference decreases.

(Stretching Processing)

In the present invention, next, the above-mentioned lami-
nated film for producing the retardation film is uniaxially
stretched at least twice. The stretching temperature is prefer-
ably adjusted in a different temperature at each time. More-
over, the stretching direction is adjusted in a different direc-
tion at each time. And, the molecular orientation axis in the
layer of thermoplastic resin A and the molecular orientation
axis in the layer of thermoplastic resin B are crossed at almost
right angles.

In the first round of uniaxially stretching, the film is uniaxi-
ally stretched at either temperature T1 or T2. In the laminated
film for producing the retardation film {1}, a phase of linearly
polarized light entering vertically into the film plane and
having an oscillating surface of an electric vector in an X-Z
plane against a phase of linearly polarized light entering
vertically into the film plane and having an oscillating surface
of an electric vector in a Y-Z plane either lags or leads by
stretching at any temperature. In the laminated film for pro-
ducing the retardation film {2}, a phase of linearly polarized
light entering vertically into the film plane and having an
oscillating surface of an electric vector in an X-Z plane
against a phase of linearly polarized light entering vertically
into the film plane and having an oscillating surface of an
electric vector in aY-Z plane lags by stretching at temperature
T1. On the other hand, the phase of linearly polarized light
entering vertically into the film plane and having an oscillat-
ing surface of an electric vector in an X-Z plane against a
phase of linearly polarized light entering vertically into the
film plane and having an oscillating surface of an electric
vector in a Y-Z plane leads by stretching at temperature T2.

In case a resin having a positive intrinsic birefringence is
used as thermoplastic resin A, and a resin having a negative
intrinsic birefringence is used as thermoplastic resin B,

when arelation of Ts >Tsj is satisfied, the temperature T1
is preferably Tsz+3° C. or more and Ts +5° C. or less, and
more preferably Tsz+5° C. or more and Ts, +3° C. or less.
Moreover, the temperature T2 is preferably Ts;+3° C. or less,
and more preferably Tsz or less. In the first round of uniaxi-
ally stretching, the film is preferably uniaxially stretched at
temperature T1,

when arelation of Tsz>Ts , is satisfied, the temperature T2
is preferably Ts,+3° C. or more and Tsz+5° C. or less, and
more preferably Ts,+5° C. or more and Tsz+3° C. or less.
Moreover, the temperature T1 is preferably Ts ,+3° C. or less,
and more preferably Ts, or less. In the first round of uniaxi-
ally stretching, the film is preferably uniaxially stretched at
temperature T2.

The first round of uniaxially stretching may be performed
by a conventionally well-known method. For examples, a
method of uniaxially stretching in the longitudinal direction
by using the difference of the rim speed between rolls, a
method of uniaxially stretching in the transverse direction by
rising the tenter, and the like are mentioned. Examples of the
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method of uniaxially stretching in the longitudinal direction
include an IR heating method between roils, a float method,
and the like. The float method is suitable from the viewpoint
of obtaining a retardation film with high optical uniformity.
Examples of the method of uniaxially stretching in the trans-
verse direction include a tenter method.

To reduce an irregular stretching and irregular thickness, it
is allowable to make a difference of a temperature in a direc-
tion of a width of the film at a stretching zone. To make the
difference of the temperature in the direction of the width of
the film at the stretching zone, well-known methods such as a
method of adjusting a gate opening of hot air nozzle in direc-
tion of width, a method of setting IR heaters in direction of
width and controlling hearings and the like may be used.

Then, the film is uniaxially stretched in an direction per-
pendicular to the direction of the above-mentioned uniaxially
stretching at a different temperature either T2 or T1 from the
temperature of the first round of uniaxially stretching. In the
second round of uniaxially stretching,

when a relation of Ts >Ts is satisfied, the film is prefer-
ably uniaxially stretched at the temperature T2, and

when a relation of Tsz>Ts, is satisfied, the film is prefer-
ably uniaxially stretched at the temperature T1.

In the second round of uniaxially stretching, the methods
that may be employed in the first round of uniaxially stretch-
ing may be employed as it is. A stretching ratio in the second
round of uniaxially stretching is preferably smaller than the
stretching ratio in the first round of uniaxially stretching.

Directions of a molecular orientation axis in the layer of
thermoplastic resin A and a molecular orientation axis in the
layer of thermoplastic resin B can be identified as follows.
The direction where the refractive index is a maximum in the
plane of the retardation film is determined by using an ellip-
sometry. Then the orientation axis is appointed from a rela-
tion of a sign of the intrinsic birefringence value of the ther-
moplastic resin according to the following conditions.

When the intrinsic birefringence of the thermoplastic resin
is positive: the orientation axis has a direction where the
refractive index is a maximum in the plane.

When the intrinsic birefringence of the thermoplastic resin
is negative: the orientation axis has a direction orthogonal to
the direction where the refractive index is a maximum in the
plane.

After the first round of uniaxially stretching and/or the
second round of uniaxially stretching, a fixation process may
be applied to the stretched film. A temperature in the fixation
process is usually room temperature to (the stretching tem-
perature+30)° C., and preferably (the stretching temperature—
40)° C. to (the stretching temperature+20)° C.

In a method for producing a retardation film in the present
invention, when the laminated film for producing the retarda-
tion film {1} is used, the retardation film {1} which satisfies
a relation of R,50<Rs50<Rgs0, in which R4, is a retardation
value of light: having a wavelength of 450 nm at an incident
angle of 0 degree, R+, is a retardation value of light having a
wavelength of 550 nm at an incident angle of 0 degrees, and
Rgso 1s a retardation value of light having a wavelength of 650
nm at an incident angle of 0 degrees, can be obtained. More-
over, when the laminated film for producing the retardation
film {2} is used, the retardation film {2} which satisfies a
relation of 0<(n,-n,)/(n,-n,)<1, in which n_is a refractive
index in a direction of a slow axis in a plane of the film, n,, is
a refractive index in a direction perpendicular to the direction
of the slow axis in the plane, and n_ is a refractive index in a
thickness direction, can be obtained.

The retardation film obtained by the producing method in
the present invention is preferably 50 to 400 nm, and more
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preferably 100 to 350 nm in a retardation R 55, at a wavelength
of 550 nm. The retardation R,,, Rs5,, and Ry, are values
measured by using the parallel Nicols rotation method
(manufactured by Oji Scientific Instruments Co., Ltd.;
KOBRA-WR). The refractive index n,, n_, and n,, are values
measured with an ellipsometry at a wavelength of 550 nm.

The retardation film obtained by the producing method in
the present invention is preferably 0.5 W or less, more pref-
erably 0.3% or less in a shrinkage percentage in a longitudinal
and transverse direction after heat-treating for 100 hours at
60° C. and 90% RH. When the shrinkage percentage exceeds
this range, a transformation of the retardation film and flaking
off from the display device are caused by the shrinkage stress
by using under the environment of the high temperature and
high humidity.

Since the retardation film obtained by the producing
method in the present invention is capable of advanced bire-
fringence compensations, the retardation film may be
employed as single or in combination with other members in
a liquid crystal display device, an organic EL display device,
a plasma display device, a FED (field emission) display
device, a SED (surface electric field) display device, and the
like.

The liquid crystal display device comprises the liquid crys-
tal panel that a polarizing plate on an incident side of light, a
liquid crystal cell, and a polarizing plate on an output side of
light are arranged in this order. A visibility of the liquid
crystal display device can be improved greatly by arranging
the retardation film obtained by the producing method in the
present invention between the liquid crystal cell and the polar-
izing plate on the light incident side and/or between the liquid
crystal cell and the polarizing plate on the light output side.
The drive mode for the liquid crystal cell includes In Plane
Switching (IPS) mode, Vertical Alignment (VA) mode, Multi
domain Vertical Alignment (MVA) mode, Continuous Pin-
wheel Alignment (CPA) mode, Hybrid Alignment Nematic
(HAN) mode, Twisted Nematic (TN) mode, Super Twisted
Nematic (STN) mode, Optical Compensated Bend (OCB)
mode and the like.

The retardation film obtained by the producing method in
the present invention may be stuck to the liquid crystal cell or
the polarizing plate. The retardation film may be stuck to both
sides of the polarizing plate or to one side of the polarizing
plate. Moreover, two or more sheets of the retardation film
may be used. A well-known adhesive may be used fox stick-
ing.

The polarizing plate is composed of a polarizer and pro-
tective films stuck to the both sides of the polarizer. The
retardation film may be used as a protective film by sticking
the retardation film obtained by the producing method in the
present invention directly to the polarizer in place of the
protective film. Since the protective film is omitted, the liquid
crystal display device can be thinned.

EXAMPLES

The present invention will be described more specifically
with reference to EXAMPLES in the following. However, the
present invention is not limited to the examples. In the fol-
lowing EXAMPLES, “parts” or “%” is by weight unless
otherwise specified.

(Measurement of Orientation Axis)

A directs on where the refractive index is the maximum in
a plane was determined by using a high-speed spectroscopic
ellipsometry (manufactured by J. A. Woollam Co., Inc.
“M-2000U"). An orientation axis was appointed by a rela-



US 9,050,763 B2

15

tionship between the direction and a sign of an intrinsic bire-
fringence indicated in the following.

When the intrinsic birefringence is positive: The orienta-
tion axis is a direction where the refractive index is the maxi-
mum in the plane.

When the intrinsic birefringence is negative: The orienta-
tion axis is a direction orthogonal to the direction where the
refractive index is the maximum in the plane.

The measurement was performed under the condition of
relative humidity 60+£5%, temperature 20° C.+2° C. The
refractive index that is the maximum in the plane was a value
at wavelength 550 nm from the data calculated by the spec-
trum of the wavelength area front 400 to 1000 nm in three
incident angles of 55 degrees, 60 degrees, and 65 degrees.

(Thickness of Transparent Film)

A film was embedded into an epoxy resin, the film was
sliced into pieces using a microtome (manufactured by
YAMATO KOHKI INDUSTRIAL Co., Ltd.; “RUB-21007),
and then the cross-section of the piece was observed using a
scanning electron microscope to determine a film thickness.

(Refractive Index)

The measurement was performed by using a spectroscopic
ellipsometry (manufactured by J. A. Woollam Co., Inc.
“M-2000U") under the condition of the relative humidity
60+5% and temperature 20° C.£2° C. Refractive indexn, n_,
and n, were values at a wavelength of 550 nm determined
from the data calculated by the spectrum in wavelength from
400 to 1000 nm at three incident angles of 55 degrees, 60
degrees, and 65 degrees.

(Light Transmittance)

A light transmittance was measured by using a spectropho-
tometer (manufactured by JASCO Corporation; Ultraviolet
Visible Near-infrared Spectrophotometer “V-570) in accor-
dance with JIS K 0115.

(Deflection Temperature Under Load)

The test piece was made in accordance with JIS K 6717-2,
and the deflection temperature under load of the resin was
measured.

(Retardation, Angle of Slow Axis)

Retardation in each wavelength and an angle of the slow
axis to a longitudinal direction of a retardation film were
measured by using the parallel Nicols rotation method
(manufactured by Oji Scientific Instruments Co., Ltd.;
KOBRA-WR) in the width direction of the retardation film at
equal intervals by ten points, and the mean value was calcu-
lated.

(Abbe Number)

Abbe number was measured by using the Abbe Refracto-
meter (manufactured by ATAGO CO., LTD; DR-M2)under a
condition of the relative humidity 60+5% and temperature
20° C.x2° C.

Producing Example 1

A film molding device for coextrusion molding of two
kinds and three layers was prepared. Then, pellets of a poly-
carbonate resin (manufactured by Asahi Chemical Industrial.
Co., Ltd., WONDER LIGHT PC-110, a deflection tempera-
ture under, load is 145° C., a intrinsic birefringence is posi-
tive, and Abbe number is 30) were put in a first uniaxially
extruding machine which was equipped with a screw of the
double flight type, and were melted. Pellets of a norbornene-
based polymer resin (manufactured by ZEON CORPORA-
TION, ZEONOR 1420R, a deflection temperature under load
is 136° C., a intrinsic birefringence is positive, and Abbe

20

30

35

40

45

55

16

number is 56) were put in a second uniaxially extruding
machine which was equipped with a screw of the double flight
type, and were melted.

Styrene-ethylene-butylene-styrene  block  copolymer
(SEBS)was put s a third uniaxially extruding machine which
was equipped with a screw of the double flight type, and was
melted. The polycarbonate resin melted at 260° C. was sup-
plied to one manifold of a multi manifold die (surface rough-
ness of the die lip Ra is 0.1 um) through a leaf disk shaped
polymer filter having a mesh spacing of 10 um, the nor-
bornene-based polymer resin melted at 260° C. was supplied
to the other manifold through a leaf disk shaped polymer filter
having a mesh spacing of 10 um. Moreover, the SEBS melted
at 260° C. was supplied to a manifold for the adhesive layer
through a leaf disk shaped polymer filter having a mesh
spacing of 10 um.

The polycarbonate resin, the norbornene-based polymer
resin, and the SEBS were extruded from the multi manifold
die at the same time at 260° C. to be made into a melted resin
film. The melted resin film was casted on a cooling roll
modulated at 130° C. in the surface temperature, and was
passed between two cooling rolls that was modulated at 50°
C. in the surface temperature to obtain a laminated film 1
being 1350 mm in width and 185 um in thickness composed
of the polycarbonate resin layer (layer A: 20 um), the SEBS
layer (5 um) and the norbornene-based polymer resin layer
(layer B: 160 um).

Example 1

The laminated film 1 obtained in PRODUCING
EXAMPLE 1 was supplied to a longitudinal uniaxially
stretching machine, and the film was stretched in a longitu-
dinal direction at the stretching temperature of 145° C. by
stretching magnification of 1.5 times. Then, the stretched film
was supplied to the tenter stretching machine, the film was
stretched in a transverse direction at the stretching tempera-
ture of 125° C. by stretching magnification of 1.25 times to
obtain a retardation film 1. A refractive index of layer A in the
retardation film 1 was measured by the ellipsometry, then it
was identified that an orientation axis of layer A was existed
in almost parallel to the longitudinal direction of the film. In
the same way, a refractive index of layer B in the retardation
film 1 was measured by the ellipsometry, then it was identified
that an orientation axis of layer 1 was existed at almost
orthogonal to the longitudinal direction of the film. The retar-
dation film 1 had a relation of R ;5,<Rs5,<R5o. The evalua-
tion results are shown in Table 1.

Comparative Example 1

A retardation film 2 was obtained in the same manner as in
EXAMPLE 1, except that the transverse direction stretching
temperature was changed to 145° C. A refractive index of
layer A of the retardation film 2 was measured by the ellip-
sometry, then it was identified that an orientation axis of layer
A was existed in almost parallel to the longitudinal direction
of'the film. In the same way, a refractive index of layer B of the
retardation film 2 was measured by the ellipsometry, then it
was identified that an orientation axis of layer B was existed
in almost parallel to the longitudinal direction of the film. The
retardation film 2 had a relation of R,5,>Rs550>Rgs0. The
evaluation results are shown in Table 1.
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[Table 1]
TABLE 1
Comparative

Example 1 Example 1
Laminated film 1 1
Longitudinal stretching 145 145
temperature (° C.)
Longitudinal stretching 1.5 1.5
magnification
Transverse stretching 130 145
temperature (° C.)
Transverse stretching 1.25 1.25
magnification
Retardation film 1 2
n, 1.5368 1.5367
n, 1.5360 1.5355
n, 1.5335 1.5341
Ruso 75.0 117.9
Rsoo 76.9 113.9
Reso 78.2 111.0

As shown in Table 1, a thermoplastic resin A and a ther-
moplastic resin B of which both have an same sign in an
intrinsic birefringence are co-extruded or simultaneously
casted to obtain a laminated film comprising a layer of the
thermoplastic resin A and a layer of the thermoplastic resin B,
and the laminated film is uniaxially stretched at least twice to
cross a molecular orientation axis in the layer of thermoplas-
tic resin A and a molecular orientation axis in the layer of
thermoplastic resin B each other at almost right angles, which
resultin producing a retardation film which satisfies a relation
of R, 50<Rs550<Rgso in which R, is a retardation value of
light having a wavelength of 450 nm at an incident angle of 0
degrees, Ry, is a retardation value of light having a wave-
length of 550 nm at an incident angle of 0 degrees, and Ry,
is a retardation value of light having a wavelength or 650 mm
at an incident angle of 0 degrees, simply, extensively and
accurately.

Producing Example 2

A film molding device for a coextrusion molding of two
kinds and two layers was prepared. Then, pellets of the poly-
carbonate resin (Made by Asahi Chemical Industrial Co.,
Ltd., WONDER LIGHT PC-110, a deflection temperature
under load is 145° C.) were put in one uniaxially extruding
machine which was equipped with a screw ofthe double flight
type, and were melted. Pellets of the styrene-maleic anhy-
dride copolymer resin (made by NOVA Chemicals [td.,
Dylark D332, a deflection temperature under load is 135° C.,
a intrinsic birefringence is negative, and Abbe number is 31)
was put in another uniaxially extruding machine which was
equipped with a screw of the double flight type, and were
melted. The polycarbonate resin melted at 260° C. was sup-
plied to one manifold of a multi manifold die (surface-rough-
ness of the die lip Ra is 0.1 um) through a polymer filter
having a leaf disk shape and a mesh spacing of 10 um, and the
styrene-maleic anhydride copolymer resin melted at 260° C.
was supplied to another manifold through a polymer filter
having a leaf disk shape and a mesh spacing of 10 um.

The polycarbonate resin and the styrene maleic anhydride
copolymer resin were extruded from the multi manifold die at
the same time at 260° C. and were made into a melted resin
film. The melted resin film was casted on a cooling roll
modulated at 130° C. in the surface temperature, and was
passed between two cooling rolls that was modulated at 50°
C. in the surface temperature to obtain a laminated film 2
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being 1350 mm in width and 180 um in thickness composed
of the polycarbonate resin layer (layer A: 20 um) and the
styrene-maleic anhydride copolymer resin layer (layer B: 160

pum)

Producing Example 3

A laminated film 3 being 1350 mm in width and 160 pm in
thickness composed ofthe polycarbonate resin layer (layer A:
80 um) and the polystyrene resin layer (layer B: 80 um) was
obtained in the same manner as in PRODUCING EXAMPLE
2, except that polystyrene resin (manufactured by Japan Poly-
styrene Inc., HF44, the deflection temperature under load is
73° C., aintrinsic birefringence is negative, and Abbe number
is 31) wasused in place of Dylark D332, the thickness oflayer
A was adjusted to 80 um and the thickness of layer B was
adjusted to 80 um.

Example 2

A retardation film 3 was obtained in the sane manner as in
EXAMPLE 1, except that the laminated film 1 used in
EXAMPLE 1 was changed to the laminated film 2. A refrac-
tive index of layer A in the retardation film 3 was measured by
the ellipsometry, then it was identified that an orientation axis
of layer A was existed in almost parallel to the longitudinal
direction of the film. In the same way, a refractive index of
layer B in the retardation film 3 was measured by the ellip-
sometry, then it was identified that an orientation axis of layer
B was existed at almost orthogonal to the longitudinal direc-
tion of the film. The retardation film 3 was 0.6849 in (n,—n_)/
(n,-n,). The evaluation results are shown in Table 2.

Comparative Example 2

A retardation film 4 was obtained in the same manner as in
EXAMPLE 1, except that the laminated film 1 used in
EXAMPLE 1 was changed to the laminated film 3, and the
transverse stretching temperature was changed to 70° C. A
refractive index of layer A in the retardation film 4 was mea-
sured by the ellipsometry, then it was identified that an ori-
entation axis of layer A was existed at almost orthogonal to
the longitudinal direction of the film. In the same way, a
refractive index of layer B in retardation film 4 was measured
by the ellipsometry, then it was identified that an orientation
axis of layer B was existed at almost orthogonal to the longi-
tudinal direction of the film. The retardation film 4 was
2.38151n (n,-n,)/(n,~n,). The evaluation results are shown in
Table 2.

[Table 2]
TABLE 2
Comparative

Example 2 Example 2
Laminated film 2 3
Longitudinal stretching 145 145
temperature (° C.)
Longitudinal stretching 1.5 1.5
magnification
Horizontal stretching 130 70
temperature (° C.)
Horizontal stretching 1.25 1.25
magnification
Retardation film 3 4
n, 1.5829 1.5892
n, 1.5803 1.5855
1, 1.5811 1.5804
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TABLE 2-continued

Comparative

Example 2 Example 2
(n, - n,)/(n, - n,) 0.6849 2.3815
Ruso 269.7 367.6
Rsoo 255.8 3543
Reso 2455 344.4

As shown in Table 2, a thermoplastic resin A and a ther-
moplastic resin B which have a different sign of an intrinsic
birefringence are co-extruded or simultaneously casted to
obtain a laminated film comprising a layer of the thermoplas-
tic resin A and a layer of the thermoplastic resin B, and the
laminated film is uniaxially stretched at least twice to cross a
molecular orientation axis in the layer of the thermoplastic
resin A and a molecular orientation axis in the layer of the
thermoplastic resin B each other at almost right angles, which
resultin producing a retardation film which satisfies a relation
of 0<(n,-n,)/(n,—n,)<1, in which n, is a refractive index in a
direction of a slow axis in a plane of the film, n, is a refractive
index in a direction perpendicular to the direction of the slow
axis in the plane, and n, is a refractive index in a thickness
direction, simply, extensively and accurately.

What is claimed is:

1. A method for producing a retardation film,

in which the method comprising steps of:

co-extruding or simultaneously casting a thermoplastic
resin A and a thermoplastic resin B to obtain a laminated
film for production of the retardation film, wherein the
laminated film comprises a layer A, composed of the
thermoplastic resin A and a layer B, composed of the
thermoplastic resin B, the thermoplastic resin A has a
positive intrinsic birefringence and a deflection tem-
perature under load (Ts,,), the thermoplastic resin B has
a negative intrinsic birefringence and a deflection tem-
perature under load (Tsg), the deflection temperature
under load (Ts,) is higher than the deflection tempera-
ture under load (Tsz), the ratio of the sum total thickness
of'the layer A to the sum total thickness of the layer B is
from 1:5 to 1:15, and

10

15

20

25

30

35

40

20

if and when the laminated film is uniaxially stretched at a
temperature of T1 which is not less than Tsz+5° C. and
not more than Ts ,+3° C., auniaxially stretched film t1 is
obtained, the uniaxially stretched film t1 has an oriented
layer A, derived from the layer A, and an oriented layer
B, derived from the layer B, the absolute value of a
phase difference in the oriented layer A, is larger than
that in the oriented layer B, and

if and when the laminated film is uniaxially stretched at a
temperature of T2 which is not more than Tsz+3° C., a
uniaxially stretched film t2 is obtained, the uniaxially
stretched film t2 has an oriented layer A ., derived from
the layer A, and an oriented layer B, derived from the
layer B, the absolute value of a phase difference in the
oriented layer A, is smaller than that in the oriented
layer B,

uniaxially stretching the laminated film at the temperature
of T1 to obtain the uniaxially stretched film t1, and then

uniaxially stretching the uniaxially stretched film t1 at the
temperature of T2 at an angle of 70 degrees to 110
degrees with respect to the stretching direction of the
previous stretching step to obtain the retardation film
comprising an oriented layer A, derived from the layer
A, and an oriented layer B, derived from the layer B,
and a molecular orientation axis in the oriented layer A,
and a molecular orientation axis in the oriented layer B,
are crossed at an angle of 70 degrees to 110 degrees.

2. The production method according to the claim 1, in
which an absolute value of difference between Ts , and Ts is
5° C. or more.

3. The production method according to claim 1, in which a
rupture elongation of the thermoplastic resin A at the tem-
perature of Ts is 50% or more and a rupture elongation of the
thermoplastic resin B at the temperature of Ts, is 50% or
more.

4. The production method according to claim 1, in which a
stretching ratio in the second stretching step is smaller than
that in the first stretching step.

5. The production method according to claim 1, in which
the thermoplastic resin A is polycarbonate, and the thermo-
plastic resin B is polystyrene resin.
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